This study aims to investigate the effects of process parameters: feed, depth of cut and flow rate, on the temperature during face milling of the D2 tool steel under two different lubricant conditions, Minimum Quantity Lubrication (MQL) and Nano fluid Minimum Quantity Lubrication (NFMQL). Deionized water with the flow rate range 200-400 ml/h was used in MQL. 2% by weight concentration of Al 2 O 3 nano particles with deionized water as a base fluid used as NFMQL with the same flow rate. Response surface methodology RSM central composite design CCD was used to design experiment run, modeling and analysis. ANOVA was used for the adequacy and validation of the system. The comparison shows that NFMQL condition reduced temperature more efficiently during machining.
INTRODUCTION
To control elevated temperatures during machining different cooling techniques are used. Conventional cooling, also known as flood cooling, is one of the oldest and commonly used techniques in the manufacturing industry. Lubrication plays an important role in the field of manufacturing by reducing temperature and increasing the tool life. But in flood cooling the coolant costs is 16% of the total manufacturing cost (Sarhan, Sayuti et al. 2012 ). To reduce this cost Minimum Quantity Lubrication (MQL) technique is introduced. In MQL, coolant with a very low flow rate is sprayed with the help of compressed air (Klocke and Eisenblätter 1997) . According to the author, MQL uses three times less fluid, as compared to the flood cooling with the flow rate approximately 50-500 ml/h. To improve the results obtained from the MQL, nano particles are dispersed in the fluid. The addition of nano-particles in the fluid will increase the thermal conductivity of the fluid. This will help to reduce temperature more efficiently, as compared to MQL (Hadi and Atefi 2015) .
M. Sayuti et al. experimented on duralumin AL-2017-T4 using carbon onion nano particles during milling and stated that 46% reduction occurs in surface roughness was reduced, as compared to an ordinary lubricant; carbon onion reduces the friction coefficient at the point of interface (Sayuti, Sarhan et al. 2013 Air compressor with an air atomizing nozzle was used for the MQL conditions with a flow rate of 10 ml/min. The results showed that temperature of the work piece and the tool decreased up to 20% as compared with the conventional coolant (Amrita, Srikant et al. 2014) . Das et al. studied the behavior of Aluminum oxide Nano particles and conclude that the behavior of Nano particles was very temperature dependent, so it has increased the use of Nano particles in elevated temperature applications (Putra, Thiesen et al. 2003) .
Industrial sector is still in quest of new strategies to minimize the workpiece-tool temperature during the machining process. So, in such circumstances many researchers have proposed and validated that MQL is an efficient method to decrease the temperature. It has been proved by many researchers that MQL gives better lubrication during cutting machining process which gives better result than dry machining. However, very few or no work has been reported on the nano fluid minimum quantity lubrication (NFMQL) face milling of D2 tool steel using Response surface Methodology (RSM) technique. The aim of the current study is to develop mathematical models for the prediction of temperature during the face milling of D2 steel under two different lubrication conditions (i) MQL and (ii) NFMQL, and their comparison. The best predicted model will help the practitioner to get the desired results using the optimum values of the input parameters. Furthermore, the study of temperature is necessary for workpiece surface analysis.
EXPERIMENT Material selection
Difficult to machine materials are those materials which produce tool wear, high forces and elevated temperatures (Shokrani, Dhokia et al. 2012 ). The selected material for the current research is D2 steel, known as tool steel, with high carbon and high chromium composition. The hardness of difficult to machine materials is high, D2 steel hardness ranges from 55 to 62HRC. The percentage of chemical composition of the material has been provided in table 1. Milling cutters, center lathe, drills dies are famous applications of the selected material. Work pieces are prepared using end milling cutter having the dimensions of 60×40×10 mm 3 .
Tool selection
Due to the hardness of the D2 steel a tool with high wear resistance is preferred for the face milling of the D2 steel. For this purpose tungsten carbide inserts were used in current study. Because tungsten carbide inserts have high wear resistance (Li and Liang 2007) . Single insert tool is used with a diameter of 8 mm.
Lubricant selection
Two lubricants selected for the current study (i) deionized water for the MQL condition and (ii) deionized water with the addition of Al 2 O 3 nano particles in it for the NFMQL condition. According to the Cong Mao the proper suspension of Al 2 O 3 nanoparticles in deionized water decreased the coefficient of friction by 34.2%, as compared to the pure deionized water (Mao, Huang et al. 2014 ). In deionized water almost all of the mineral ions such as sodium, copper, iron and calcium are removed and produced purified form of water. During Experiment Deionized water is used to remove the effects of mineral ions on the performance parameter and minimize the risk of reaction between the mineral ions and nano particles.
Process parameters selection
Feed rate, depth of cut and the flow rate are the selected input parameters for the face milling of the D2 steel under MQL and NFMQL conditions. Input parameters and their ranges are selected from the detailed literature review of the MQL process and are presented in Table 2 . Whereas the spindle speed 1000 rpm is kept constant for all the experiments.
Experimental setup
The experiments were carried out with the help of CNC milling machine. Milling width is 40×40 mm 2 for all the experiments. Lubricant sprayed over the tool work piece interface using spray nozzle. The nozzle was placed at the angle of 45° to the work piece. Temperature was measured during the experimentation with the help of infrared thermometer (Raytek-Raynger MX4). It has a wide range of temperature measurement from -30 to 900°C. Figure 1 shows the complete experimental setup in detail.
Experimental Design
Experimental design for the current study has been developed using Response surface methodology (RSM) with the help of three input parameters total 17 experiments were carried out for each lubrication environment.
RESULTS AND DISCUSSION

Mathematical model
The input variables that affect the temperature significantly in MQL environment are feed rate, depth of cut and flow rate. On the other side, the same significant parameters are observed for the NFMQL. Values of R 2 , adjusted R 2 and predicted R 2 for both the environments are close to 1 which shows their accuracy is presented in table 4 and 5 respectively. Both models are significant. Final mathematical models for the prediction of the temperature in MQL and NFMQL environment are shown in the Eq. 1 and 2 respectively. 
Figure 1 Experimental setup
Model Validation
To validate the developed model four experiments were carried out on different values of the input parameters rather than the values of experimental design. The error between predicted and actual values is calculated with the help of Eq. 3 (Sarfraz, Jahanzaib et al. 2016 ). Table 6 contains the predicted and actual values with the calculated errors. 
Response surface plots for Temperature
The graphs explain the impact of the feed rate, depth of cut and flow rate on the temperature during the experimentation. In Figure 2 effects of feed rate and depth of cut on temperature are shown. Temperature increases with the increase in depth of cut and same for the feed rate in MQL condition. Feed rate affects more significantly than that of the depth of cut. On the other hand, the same behavior has been noticed for the NFMQL condition. Figure 3 presents the impact of flow rate and feed rate on the temperature during the experimentation. According to the results of MQL condition, temperature increases with the increase in feed rate and decrease by increasing flow rate. Same behavior has been spotted for the NFMQL.
Effects of depth of cut and flow rate on temperature have been provided in Figure 4 . Temperature increases with the increasing depth of cut and decreases with the increase in flow rate in case of MQL condition. For NFMQL condition same trends has been observed. Table 7 contains the temperature results of MQL and NFMQL conditions along with the percentage reduction in temperature. According to the results NFMQL condition reduce temperature more effectively than the MQL condition. In NFMQL the solid nano particles absorb more heat due to conduction, as compared to the fluid.
Comparison
CONCLUSION
The main aim of this study is to investigate the behavior of the temperature during face milling of the D2 tool steel under two different lubricant conditions, Minimum Quantity Lubrication (MQL) and Nano fluid Minimum Quantity Lubrication (NFMQL). The study investigates the effects of process parameters' feed rate, depth of cut and flow rate on the response. According to the The comparison shows that NFMQL shows better results for the temperature. On average 25% reduction in temperature is noticed during NFMQL condition, as compared to simple MQL.
